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SYSTEM FOR MONITORING OPERABILITY
OF FIRE EVENT SENSORS

CROSS REFERENCE TO RELATED
APPLICATTONS

This application 1s a CIP of the prior filed, application Ser.
No. 09/237,817, filed Jan. 27, 1999, U.S Pat. No. 6,081,195

which claims the benefit of application Ser. No. 60/072,850,
filed Jan. 28, 1998, entitled SYSTEM FOR MONITORING
OPERABILITY OF FIRE EVENT SENSORS.

BACKGROUND OF THE INVENTION

This 1invention relates to fire event sensing devices and,
more particularly, to a system for automatically monitoring
the operability of fire event sensors housed within a fire
event detection unit.

Although the percentage of U.S. households having at
least one fire detection device of some type has grown to
over 92%, the percentage of deaths caused by residential
fires has remained steady. The fact that approximately
one-third of all fire detection devices are non-operational
when needed 1s a key reason for this unfortunate statistic. A
larce number of fire-related incidents involving property
damage, personal mjury, or even death are attributable to
malfunctioning fire detection units. Malfunctioning smoke,
heat, carbon monoxide, or other fire event sensors, or even
dead or disconnected batteries, are often the result of a lack
of manual testing by residents. It 1s therefore desirable to
have a system for automatically and continuously testing the
operability of sensors housed within a fire detection unit
whether they are smoke, heat, carbon monoxide or other fire
event sensors.

Several methods and devices have been proposed to
monitor the operability of various fire event sensing devices.
In U.S. Pat. No. 4,595,914 to Siegel, a self-test circuit for a
fire event detector 1s disclosed for automatically periodically
testing whether the sensitivity of an 1onization-type sensor 1s
within a certain predetermined range. A fire event smoke
alarm which automatically periodically tests the detector’s
operation or periodically sounds the detector’s alarm to
remind the occupant to manually test the alarm 1s disclosed
in U.S. Pat. No. 4,965,556 to Brodecki. The prior art further
includes several methods and devices for manually checking
the functionality of combustion detection circuitry. In
addition, U.S. Pat. No. 5,619,184 to Torikosh1 discloses a
system for disaster prevention having a sensor, a CPU, and
a memory for comparing sensor data with stored data.

Although assumably effective 1n operation, such known
methods and devices are mncapable of monitoring the mnteg-
rity and functionality of multiple types of fire event sensors
housed within a single detection unit. In addition, the above
referenced devices only provide a single test of integrity or
operability, such as simulating a fire event within a prede-
termined fixed range of sensitivity or merely detecting
whether any signal 1s received from a sensor. Significantly,
the acceptable range of sensor sensitivity, actions to be taken
based on self-test results, and the frequency of periodic
checking can not be modified or adjusted without the
replacement or addition of new circuitry. Further, the refer-
enced devices do not allow the residential occupant to verily
that the self-checking circuitry itself 1s functioning properly.

It 1s therefore desirable to have a system which automati-
cally checks the integrity and operability of fire event
sensors and power supply housed within a fire detection unit
according to predetermined and modifiable parameters.

SUMMARY OF THE INVENTION

In response thereto I have invented a system which
automatically checks the integrity and operability of fire
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event sensors housed within a fire detection unit. The system
disclosed herein utilizes a programmable master logic circuit
which compares data received from each sensor with mul-
tiple predetermined parameters, such as acceptable time
duration between sensor readings, existence ol signal,
acceptable sensor sensitivity, strength of battery power,
threshold levels of logical readings, and other parameters.
The master logic circuit can be reprogrammed with a
different set of parameters without the need for additional
circuitry. The system further provides for manual testing of
the 1ntegrity of the circuitry and monitors the operability of
the sensor monitoring routine itself. An audible and/or visual
alarm 1s activated if any of the predetermined operability
parameters are violated, thus indicating a malfunction. The
system further provides for manual resetting of all sensors
following a fault caused by any sensor.

It 1s therefore a general object of this invention to provide
a system for monitoring the operability of fire event sensors
which automatically tests the operability of each sensor.

Another object of this invention is to provide a system for
monitoring the operability of fire event sensors which con-
tinuously tests the operability of each sensor.

Yet another object of this invention is to provide a system
for monitoring the operability of fire event sensors having a
programmable logic circuit which monitors a sensor’s oper-
ability according to a plurality of parameters for determining
if each sensor 1s operating correctly.

A further object of this mnvention 1s to provide a system for
monitoring the operability of fire event sensors having a
logic circuit that may be reprogrammed with a different set
of parameters and associated logic without the addition of
new CIrcuitry.

A still further object of this mvention 1s to provide a
system for monitoring the operability of fire event sensors
having a means for manually testing the integrity of all
circuitry.

Another object of this invention is to provide a system for
monitoring the operability of fire event sensors having a
means for monitoring the operability of the sensor monitor-
ing system itself.

A further object of this invention is to provide a system for
monitoring the operability of fire event sensors which can
manually reset an alarm or sensors following activation.

A still further object of this 1nvention 1s to provide a
system for monitoring the operability of fire event sensors
which sounds an audible and/or visual alarm when at least
one fire event sensor or a battery 1s malfunctioning.

Other objects and advantages of this invention will
become apparent from the following description taken in
connection with the accompanying drawings, wherein 1s set
forth by way of illustration and example, embodiments of
this invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram of the monitoring system
showing the major components of the monitoring system;

FIG. 2 1s a flow chart showing the logic utilized by a
programmable logic circuit;

FIG. 3 1s a flow chart showing the logic utilized by a
programmable logic circuit;

FIG. 4 1s a flow chart showing the logic utilized by a
programmable logic circuit;

FIG. 5 1s a block diagram of the now preferred embodi-
ment of the monitoring system showing the major compo-
nents of the monitoring system;
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FIG. 6 1s a flow chart showing the logic utilized by a
programmable logic circuit according to the system of FIG.

S;
FIG. 7 1s a flow chart showing the logic utilized by a
programmable logic circuit according to the system of FIG.

S; and
FIG. 8 1s a flow chart showing the logic utilized by a

programmable logic circuit according to the system of FIG.
5

FIGS. 9 and 10 are block diagrams of embodiments of the
monitoring system showing components of the sensors.

DESCRIPTION OF THE PREFERREI
EMBODIMENT

Turning more particularly to the drawings, FIG. 1 shows
three fire event sensors 210, 220, 230 which can sense
various conditions of ambient air characteristic of a fire
event such as carbon monoxide, smoke, and heat, said
sensors being known in the art. Although the preferred
embodiment described herein and 1llustrated 1n the accom-
panying drawings shows three sensors, it 1s understood that
the system described herein i1s adaptable to monitor the
operability of a single or a plurality of fire event sensors. It
1s further understood that the system described herein is not
constrained to a particular fire event detection device, but
rather 1s adaptable for use in any such device.

Sensors 210, 220, 230 receive current from a common
power source 100 such as a battery, said sensors 210, 220,
230 continuously sending a data stream 240 to a program-
mable logic circuit 200 according to a predetermined time
cycle. Said data stream 240 includes readings relative to the
particular air condition being sensed as well as information
relative to the strength of the power source 100. The logic
circuit 200 will determine and initiate the appropriate
output, which may include actuation of an audible and/or
visual alarm 110, following comparison of sensor data with
predetermined parameters.

FIGS. 2 and 3 present a flow chart showing the logic
followed by the programmable logic circuit 200 for analyz-
ing a data stream 2440 to verily the operability of each sensor
210, 220, 230. It 1s understood that the particular parameters
illustrated 1n FIGS. 2 and 3 are easily reprogrammable to
facilitate various types of sensors that may be utilized or
merely to modity the parameters which define “operability™.
The logic circuit 200 checks 250 whether any data has been
recerved from a first sensor 210. Lack of data from said first
sensor 210 may indicate said first sensor 210 1s malfunc-
tioning; thus, an audible and/or visual alarm 1s activated 110.
If data from the first sensor 210 was received, the elapsed
fime since a prior reading was delivered 1s calculated and
compared to a predetermined time parameter 252. If the
clapsed time exceeds the parameter, an alarm 1s activated
110. However, 1if the prior tests 250, 252 are satisfied, the
circuit 200 performs a qualitative data check 254, activating
an audible and/or visual alarm 110 1if the data 1s illogical
when compared to predetermined parameters. Next, the
circuit 200 checks the sensifivity of said first sensor 210
relative to the appropriate air condition according to prede-
termined parameters 256. Some types of fire event sensors
such as heat or carbon monoxide sensors, can be tested by
sampling surrounding ambient air or by sampling a ther-
mometer. Other sensors, such as smoke sensors, can be
tested by electrically stmulating a fire event or by monitor-
ing expected electronic pulses within the sensor circuitry
using methods known in the art. If an appropriate response
to the test 256 1s not returned 2588, an alarm 1s activated 110
to indicate a malfunctioning sensor.
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In like manner, the logic circuit 200 proceeds to compare
(250'-258") the data received from the next sensor 220 with
parameters particular to the sensor 220, and so on
(250"258") for as many sensors 230 as are housed within a
detection device. The operability of each sensor 210, 220,
230 within a detection device 1s thereby silently monitored
until a malfunction 1s detected. When the operability of all
sensors has been verified, a register 245 1s set which
indicates the self-checking routine 1s functioning. It 1s under-
stood that said register 245 1s periodically automatically
reset to avold inaccurate verification if the self-checking
routine subsequently fails. Manual verification of the seli-
checking routine 1s further described later. Receipt of data
from the power source 100 i1s also monitored 260. If the
strength of the power source falls below a predetermined

level 262, an audible and/or visual alarm 1s activated 110.

If a test/reset button of the type typically found on fire
event sensing devices 1s engaged 270, the logic circuit 200
processes a decision tree 271 (FIG. 4). If a manual check of
the detection unit circuitry 1s requested 272, the circuit
checks the circuitry 274 and activates a momentary alarm
300 if the circuitry 1s operable. If a manual check of the
self-checking routine itself 1s requested 276, the circuit 200
checks 278 the previously referenced register 245 and
activates a momentary alarm 300 if the register 1s set. If a
reset of all sensors 1s requested 280, the alarm 110, 1if
sounding, 1s deactivated 282 and all sensors are initialized
284 to once again begin sensing and delivering readings to
the logic circuit 200.

It 1s understood that the output signal 240 resulting from
cach sensor malfunction can vary so that the resulting alarm
signal will likewise vary. Thus the user can determine which
sensor 1s malfunctioning according to the type of alarm. Also
within each sensor logic different signals can be produced
according to the type of parameter malfunction so that the
user can determine the type of malfunction within each
SENSOr.

A now preferred embodiment of this system will now be
described with reference to FIGS. 5-10. Sensors 410, 420,
430 receive current from a common power source 302 such
as a battery. During routine operation, said sensors 410, 420,
430 send a data stream 440 to a programmable logic circuit
400 when prompted thereby according to a predetermined
clock cycle. The clock cycle may be provided to the logic
circuit 400 by a conventional resistor/capacitor (RC) pair
402. At predetermined time 1ntervals of the RC pair 402, the
logic circuit 400 transmits a signal 404 to each sensor to
send data to the logic circuit 400 for analysis. In other words,
the logic circuit 400 attempts to sample data from each
sensor. The data stream 440 includes readings relative to the
particular air condition being sensed as well as information
relative to the strength of the power source 302. The logic
circuit 400 will determine and 1nitiate the appropriate output
signal 462, such as actuation of the alarm 310, following
analysis of the data stream 440 by the logic circuit 400
according to predetermined parameters. Use of a program-
mable logic circuit 400 facilitates monitoring of different
types of sensors as well as monitoring the same types of
sensors for use in different ambient air environments. For
example, 1t may be desirable for a smoke sensor for use 1n
a kitchen to have a greater smoke tolerance than a smoke
sensor for use 1n a bedroom.

The alarm 310 may include a conventional tone generator
which can emit various tones or tone patterns according to
the signals received from the logic circuit 400. The alarm
310 may also mclude a plurality of light emitting diodes
(LED’s) having various colors which are activated accord-
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ing to signals received from the logic circuit 400. Various
audio and visual alarm circuits are known which can process
data signals and activate predetermined audio or visual
responses accordingly.

According to one aspect of the system, the operability of
cach sensor 410, 420, 430 1s checked 450 at predetermined
fime 1ntervals, preferably every 10 minutes, under the con-
trol of the programmable logic circuit 400 (FIG. 6). If the
first sensor 410 1s a smoke sensor, the logic circuit 400 sends
a signal 412 to brighten or dim the sensor’s iternal LED
412 and then checks 418 that sensor’s light receiving
clement 414 to be sure it responded appropriately to the
brightening or dimming of the LED 412 (FIG. 9). If the
expected response 1s not received, a fault 1s registered and
the logic circuit 400 sends signals 462 to an audio and/or
visual alarm 310 to imndicate a sensor malfunction as well as
indicating which particular sensor 1s malfunctioning. If the
second sensor 420 1s a carbon monoxide sensor, the logic
circuit 400 sends a signal 426 to the sensor’s internal LED
422 and checks 428 the sensor’s light receiving element 424
to be sure it responded appropriately (FIG. 10). In the case
of a heat sensor, the logic circuit 200 samples the heat sensor
to be sure that 1t returns data 1n the data stream 440 having
a data type indicative of a temperature reading. Therefore,
this aspect of the self-checking routine monitors the physical
operability of the sensors without regard to qualitative data.
It 1s understood that the parameters controlling the tests of
sensor sensitivity are reprogrammable according to the
particular sensors being monitored or the level of sensor
sensitivity desired.

In another aspect of the system (FIG. 6), the logic circuit
400 signals 404 the sensors 410, 420, 430 approximately
every 30 seconds to return a data signal relative to a
particular ambient air condition. The timing of the signal
404 to return a data stream 1s controlled by a conventional
RC pair 402, as previously described. This 1nitiates a data
stream 440 from the sensors to the logic circuit 400. If no
signal 1s returned from a first sensor 410 within a predeter-
mined time 4352, a fault 1s registered 454 1n the logic circuit
400 and the logic circuit 400 proceeds to analyze the data
from the second sensor 420. However, 1f data from the first
sensor 410 1s timely received, the logic circuit 400 proceeds
to analyze data received from the second sensor 420 without
registering a fault.

In like manner, the logic circuit 400 proceeds to check
whether data was received from the next sensor 420 within
a predetermined time and so on for as many sensors 430 as
are housed within a detection device, as indicated at blocks
452" and 452" of FIG. 6. A fault 1s registered 454', 454" 1f a
signal 1s not timely received. Receipt of data from the power
source 302 1s also monitored 456 and a fault 1s registered
458 1n the logic circuit 400 1f the strength thereof falls below
a predetermined voltage level. This routine 1s continuously
repeated according to the clock cycle such that the oper-
ability of each sensor 410, 420, 430 and the power source
302 within a detection device are silently monitored until a
malfunction 1s detected.

A fault indicates that a sensor may be malfunctioning.
Thus, following analysis of the data from each sensor 410,
420, 430, the logic circuit 400 delivers signals to the audio
and/or visual alarms 310 1f a fault has been registered to
indicate a sensor maltunction 460 as well as to indicate
which particular sensor 1s malfunctioning.

If a test/reset button of the type typically found on fire
event sensing devices 1s engaged 500, the logic circuit 400
initiates tests 502, 504, 506 of the operability of the sensors
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410, 420, 430, respectively, 1n a manner substantially similar
to the sensor sensitivity tests which are automatically initi-
ated approximately every 10 minutes as described above and
shown 1 FIG. 6. However, this manually initiated seli-
testing routine includes a series of timing delays 508
between tests such that a user 1s better able to verify the
operability of each sensor. Preferably, the logic circuit 400
sends a signal to the alarm 310 to momentarily indicate (e.g.
for 5 seconds), audibly and/or visibly, that a particular sensor
1s Tunctional before testing the next sensor. The timing
delays can be accomplished with the conventional resistor/
capacitor pair 402 communicating with the logic circuit 400.

In addition, the circuit 1s automatically reset 1f an endless
loop 1s encountered during routine circuit operation, the
reset causing the alarm 310 to momentarily activate. Thus,
a user 1s alerted if the self-checking circuit itself suffers a
malfunction.

It 1s understood that the output signal 462 resulting from
the circuit’s analysis of the integrity of the sensors can vary
so that the resulting alarm signal will likewise vary. Thus the
user can determine which sensor 1s malfunctioning accord-
ing to the type of alarm. Also within each sensor logic
different signals can be produced according to the type of
parameter malfunction so that the user can determine the
type of malfunction within each sensor. LED’s correspond-
ing to particular sensors can be illuminated by particular
signals from the logic circuit 200 as well as for indicating a
particular sensor malfunction.

It should also be appreciated that the present system 1s
particularly well-suited for use with certain fire event sen-
sors which are known 1n the art. For example, a carbon
monoxide sensor 1s known which self-checks itself follow-
ing detection of an alarm activating level of carbon mon-
oxide and subsequent recovery. This 1s desirable since
recovery of the CO sensor 1s never entirely complete and
eventually will require sensor replacement.

In another embodiment of the invention, the circuit 400
operates 1n a manner substantially similar to that described
above relative to the now preferred embodiment except as
specifically noted below (FIG. 7). As shown in FIG. 7, data
that 1s timely received from the first sensor 410 1s qualita-
tively analyzed 453 by the circuit 400 according to prede-
termined parameters. If the data 1s 1llogical when compared
to the predetermined parameters, a fault 1s registered 454
and the circuit 400 proceeds to analyze data from the next
sensor. The data received from each sensor 1s analyzed 453",
453" and faults are registered 454', 454" 1n like manner. For
example, a sensor reading of 1000 would be considered
1llogical and 1ndicative of a sensor malfunction if a reading
of between 50 and 120 was expected. It 1s understood that
this qualitative data check 1s similar to the test the circuit 400
makes while determining the existence of a fire event and,
therefore, may be performed using the same sensor reading
so long as the reading was deemed “logical”.

In addition to momentarily activating the alarm 310 upon
a malfunction of the self-checking routine 1tself as described
previously, the integrity of the routine 1s monitored by
setting a register 445 after all sensors have been checked.
This register 445 may later be checked by a user upon
pressing a test button. It 1s understood that the register 445
1s periodically automatically reset to avoid maccurate veri-
fication 1if the seltf-checking routine subsequently fails.

Accordingly, it can be seen that this system can monitor
the operability of a plurality of fire event sensors by con-
tinuously comparing sensor data to a set of parameters. The
set of parameters 1s modifiable with no addition or change in
circuitry.
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Although a now preferred embodiment of the invention
has been above described 1t 1s not to be limited thereto
except as set forth 1n the following claims and allowable
equivalents thereof.

Having thus described the mvention, what 1s claimed as
new and desired to be secured by letters patent 1s as follows:

1. A device for determining the efficacy of an air condition
detector utilizing at least one sensor to provide a data signal
corresponding to a preselected parameter of a condition of
the ambient air, said device comprising:

an alarm;

a programmable logic circuit capable of evaluating 1nput
data supplied thereto, said circuit including means for
requesting a receipt of said mput data from the at least
one sensor and means for generating an output signal to
energize said alarm;

a power source for said alarm and programmable logic

circuit;

means for providing said input data to said circuit for

evaluation indicative of an elapsed time between a time
of a request by said circuit requesting means for said
input data and a time of receipt by said circuit of said
requested mput data, said circuit including means for
comparing said elapsed time to a predetermined time
parameter, said circuit generating said signal for ener-
o1zing said alarm if said elapsed time 1s at an undesir-
able relationship with said time parameter, whereby to
continuously monitor the operation of said detector.

2. The device as claimed 1n claim 1 wherein said circuit
further comprises means utilizing said input data from the at
least one sensor for evaluating a desired qualitative opera-
tion of the at least one sensor 1n the detector, said circuit
ogenerating said signal for energizing said alarm if said
evaluated sensor data indicates an undesirable operation of
the at least one sensor.

3. The device as claimed 1n claim 2 wherein said means
for determining a desired qualitative operation of the at least
one sensor comprises a preselected parameter 1n said logic
circuit indicative of said data type measured by the at least
one sensor, said data type parameter utilized 1n said logic
circuit evaluation for comparison with input data from the
sensor mndicative of the data type measured by the at least
ONe SEensor.

4. The device as claimed 1n claim 3 wherein said data type
parameter 1s a preselected condition of the ambient air
measured by the at least one sensor.

5. The device as claimed 1n claim 3 wherein said prese-
lected data type parameter includes a value of said data type
measured by the at least one sensor, said circuit generating
said signal for energizing said alarm if a value of said input
data 1s at an undesirable relationship with said data type
parameter value.

6. The device as claimed in claim 1 further comprising
means for providing data indicative of operation of said
power source, said circuit generating said signal for ener-
o1zing sald alarm if said evaluated power source data
includes an 1noperability of said power source.

7. The device as claimed 1n claim 6 wherein said means
for providing data indicative of operation of said power
source comprises a preselected parameter in said logic
circuit indicative of an operation of said power source, said
power source parameter utilized 1n said logic circuit evalu-
ation for comparison with said input data indicative of
operation of said power source.

8. A device as claimed 1n claim 1 wherein said power
source 1s a battery.

9. A device as claimed 1n claim 1 further comprising a
means for verifying that said logic circuit has evaluated an
operation of the at least one sensor within a predetermined

fime period.
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10. A method for determining the efficacy of an air
condition detector utilizing at least one sensor to provide a
signal corresponding to a preselected parameter of a condi-
tion of the ambient air, said method comprising the steps of:

providing an alarm;

providing a programmable logic circuit;

providing a power source for said alarm and program-
mable logic circuit;

demanding from the at least one sensor 1n the detector
data indicative of sensor operation for receipt by said
clrcuit;

measuring an elapsed time between a time of said data
demand and a receipt of said data by said circuit for

evaluation indicative of a desirable operation of the at
least one sensor 1n the detector;

providing said elapsed time to said circuit for comparison
to a predetermined time parameter;

energizing said alarm 1f said measured elapsed time 1s at
an undesirable relationship with said time parameter;
and

repeating said above steps to continuously monitor the
eificacy of said detector.
11. The method as claimed 1n claim 10 further comprising
the steps of:

providing the logic circuit with a second preselected
parameter corresponding to the type of ambient air
condition to be sensed by the at least one sensor;
comparing the type of said data provided to said circuit
by the at least one sensor with said second parameter;

energizing said alarm generated if the data type of said
second parameter and data type of said sensor data are
at an undesirable relationship.

12. The method as claim i1n claim 11 wherein said
predetermined second parameter includes a value of said
data type, said signal for energizing said alarm generated 1f
said input data provided to said circuit for evaluation indica-
tive of operation of the at least one sensor 1s at an undesir-
able relationship with said second parameter.

13. The method as claimed in claim 10 further comprising
the steps of:

providing data to said circuit for evaluation indicative of

operation of said power source:
energizing said alarm 1f the evaluated power source
data 1ndicates an moperability of said power source.

14. The method as claimed in claim 13 wherein said step
of providing data to said circuit for evaluation indicative of
operation of said power source 1ncludes comparing said data
indicative of operation of said power source with a prede-
termined parameter indicative of the desired operation of
said power source, said signal for energizing said alarm
oenerated 1f said provided power source data 1s at an
undesirable relationship with said powedr source strength
parameter.

15. The method as claimed in claim 10 further comprising
the step of veritying that said steps of claim 10 have been
performed by said logic circuit within a predetermined time
period.

16. The method as claimed i claim 10 wherein said
predetermined time parameter corresponds to a maximum
clapsed time between said demand from the at least one
sensor and said receipt of the demanded data.

17. A method for determining the efficacy of an air
condition detector utilizing at least one sensor to provide
data corresponding to a preselected parameter of a condition
of the ambient air, said method comprising the steps of:
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providing an alarm;
providing a programmable logic circuit;

providing a power source for said alarm and program-
mable logic circuit;

providing data to said circuit for evaluation indicative of
operation of said power source;

energizing said alarm 1f the evaluated power source data
indicates an 1noperability of said power source;

providing data to said circuit indicative of operation of the
at least one sensor 1n the detector, said data including
a first parameter 1n said logic circuit corresponding to
the type of data to be sensed by the at least one sensor
upon a proper operation thereof and data measured by
the at least one sensor;

utilizing said logic circuit to compare said first parameter
with said data measured by the at least one sensor;

generating a signal 1n said logic circuit if said data type
sensed by the at least one sensor does not match said
first parameter, said signal energizing said alarm; and

5

10

15

10

repeating said above steps to continuously monitor the
eificacy of said detector.
18. The method as claimed 1n claim 17 further comprising

the steps of:

demanding data from the at least one sensor for receipt by
said circuit;

measuring an clapsed time between a time of said data
demand and said receipt of said data by said circuit;

providing said elapsed time to said logic circuit for
comparison to a predetermined time parameter; and

generating a signal in said logic circuit for energizing said
alarm 1f said elapsed time 1s at an undesirable relation-
ship with said time parameter.

19. The method as claimed i claim 18 wherein said

relationship comprises that said elapsed time 1s not less than
sald maximum time parameter.
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